A best evidence topic in cardiac surgery was written according to a structured protocol. The question addressed was whether abdominal cardiopulmonary resuscitation (CPR) could be used instead of external cardiac massage either to protect the recent sternotomy or while chest compressions are not possible whilst a sternotomy is being performed. Altogether 386 papers were found using the reported search, of which 10 represented the best evidence to answer the clinical question. The authors, journal, date and country of publication, patient group studied, study type, relevant outcomes and results of these papers are tabulated. Patients who arrest after cardiac surgery and require chest reopening will have a period of no external chest compression and therefore, no cerebral or coronary perfusion. In addition, if a patient arrests prior to cardiac surgery there will be a period of time performing the sternotomy during which there will be no external compressions. We found only one paper in a porcine model that looked at the effectiveness of abdominal only CPR although it did show that abdominal CPR was actually 60% better than chest CPR. Interposed abdominal and chest compressions has been much more extensively studied and has been shown to be significantly better in return of spontaneous circulation than chest compressions alone. We conclude that currently there is very little evidence to support abdominal only CPR although these studies may support the concept that it may potentially increase the coronary and cerebral perfusion pressure.
Introduction
A best evidence topic was constructed according to a structured protocol. This is fully described in the ICVTS w1x.
Three-part question
In wpatients who require salvage sternotomy or resternotomyx is wabdominal CPRx of benefit to improve wcoronary perfusion pressurex?
Clinical scenario
A patient returns to the intensive care unit following emergency coronary artery bypass grafting. His sternum is very fragile and therefore, a Robicsek sternal closure is performed. One hour post surgery, he suddenly arrests. The nurses start to perform external cardiac massage. You are concerned that the arrest may be due to tamponade and proceed to reopen the chest. It is taking longer than usual to reopen the chest. During this time, no active external chest compression is taking place. You have heard of a novel resuscitation technique called abdominal only com-*Corresponding author. Tel.: q44 164 2282410; fax: q44 164 2282887. E-mail address: adamz@doctors.org.uk (Z. Adam).
pression (OAC) and you get your nurse to try it. You eventually manage to reopen the chest and later resolve to check the literature.
Search strategy
Medline 1950 to September 2008 using OVID interface. wAbdominal compression$.mp OR abdominal CPR.mp OR abdominal counterpulsation.mpx.
Search outcome
Three hundred and eighty-six papers were found using the reported search. From these, 10 papers were identified that provided the best evidence to answer the question. These are presented in Table 1 .
Results
We found only one study that looked at abdominal only compression (OAC) cardiopulmonary resuscitation which was in animals. Geddes et al. w2x measured the coronary perfusion index in 11 pigs to determine the efficacy of CPR during ventricular fibrillation (VF). They were able to show that OAC-CPR was superior to standard CPR (SCPR), providing 60% higher coronary perfusion than standard CPR. Sack et al. w4x in their study of 103 patients showed that 29y48 (60%) of patients had return of spontaneous circulation (ROSC) compared to 14y55 (25%) with SCPR (Ps0.03). They also showed better survival to discharge with 12y48 (25%) in the IAC-CPR group vs. 4y55 (7%) in the SCPR group (Ps0.02). Another study by Sack et al. w5x , which compared 143 patients who had cardiac arrest where the initial rhythm was pulseless electrical activity or asystole, showed that 33y67 (49%) had ROSC in the IAC-CPR group compared to 21y76 (28%) in the SCPR group (Ps0.01). Ward et al. w6x in their study of 33 patients measured end tidal PCO (ETPCO ) and showed ETPCO 2 2 2 averaged 17.1 mmHg with IAC-CPR vs. 9.6 mmHg with SCPR (P-0.001). They also showed that 6y16 (37%) in the IAC-CPR group had ROSC compared to 1y17 (6%) in the SCPR group (Ps0.07). Trials involving CPR are often small but a meta-analysis of IAC-CPR w7x limited to human clinical trials comparing IAC-CPR to SCPR also showed a statistically significant benefit in favour of IAC-CPR in terms of return of spontaneous circulation. Babbs w11x has also shown in his computer model, using an idealized 70 kg human, that high frequency abdominal CPR can produce sufficient systemic perfusion pressures during cardiac arrest. Sustained abdominal compression has also been evaluated recently in one animal based study w3x. This was rather interesting in that it showed that sustained abdominal compression produced a similar increase in coronary perfusion pressure when compared to vasopressor drugs. Abdominal binding during CPR has been previously investigated w10x and mean arterial pressure was higher in the 10 patients that were studied. Christenson et al. w8x , however, showed in their experimental study that abdominal pressure in pulses was better than continuous abdominal compression during CPR.
All of the studies reported that there had been no visceral organ damage during any of the abdominal compression techniques.
Clinical bottom line
Patients who arrest after cardiac surgery who require chest reopening will have a period of no external chest compression and therefore, no cerebral or coronary perfusion. In addition, if a patient has a cardiac arrest prior to cardiac surgery there will be a period of time performing the sternotomy during which there will be no external compressions. However, we found only one paper in a porcine model that looked at the effectiveness of abdominal only CPR although it did show that abdominal CPR was actually 60% better than chest CPR. Interposed abdominal and chest compressions has been much more extensively studied and has been shown to be significantly better in return of spontaneous circulation than chest compressions alone. Currently there is very little evidence to support abdominal only CPR although these studies may support the concept that it may potentially increase the coronary and cerebral perfusion pressure. Adam and colleagues w1x published results from their 'best evidence' search, which addressed whether abdominal-only cardiopulmonary resuscitation (AO-CPR) could be used instead of external cardiac massage either to protect the recent sternotomy or while chest compressions are not possible during resternotomy. They found only one study that looked at abdominal compressions alone; other studies they found combined it with chest compressions. They concluded that currently there is very little evidence to support AO-CPR; although, these studies may support the concept that it may potentially increase the coronary and cerebral perfusion. However, there are three issues with their implied recommendations to use external cardiac massage.
First, the adverse consequences of external cardiac massage can, in fact, be avoided with the use of minimally invasive direct cardiac massage; which is more effective than standard CPR w2x. Minimally invasive direct cardiac massage is a technique that uses a commercially available hand-held device (TheraCardia, Inc) that is introduced through a small thoracostomy to manually achieve direct cardiac compression with a 4-cm up-and-down stroke at a rate of 80-100 compression-decompressions per minute. Because this technique is similar to inserting a chest tube, minimally invasive direct cardiac massage can be rapidly delivered. A human pre-hospital pilot study of 25 patients concluded that minimally invasive direct cardiac massage produces greater blood flow than conventional CPR.
Second, their search missed two level 6 studies of good quality that reported using rhythmic abdominal compressions alone, which they termed abdominal counterpulsation, in dogs as a method of cardiac assist to support circulation after successful resuscitation w3, 4x. In the second study w4x, drug-induced cardiac depression of 30-80% of control common carotid blood flow was achieved in a step-wise fashion; during which measurements of the effects of abdominal counterpulsation on coronary and carotid blood flow were recorded. They reported that abdominal counterpulsation was progressively more effective hemodynamically at greater levels of cardiac depression. From the results of both studies, it was concluded that abdominal counterpulsation is a safe and readily available form of temporary mechanical assist that deserves further evaluation either alone or in combination with CPR techniques.
Third, in a significant majority of cases, the average health-care-professional-rescuer is unable to consistently perform adequate-depth chest compressions w5x; therefore external cardiac massage is unreliably effective. On the other hand, AO-CPR can immediately be applied during the performance of a sternotomy, resternotomy or thoracostomy and requires significantly less force, therefore even the typical female-rescuer is likely able to perform it effectively. Because there is no direct pressure over the heart to empty the left ventricle with each compression during AO-CPR and because left ventricular volume will increase as a result of flow from the higher-pressure pulmonary arteries to the lower-pressure left atrium and left ventricle, the heart acts as a conduit, thereby allowing significant increases in ventricular volume during AO-CPR. 'Priming the pump' with abdominal compressions would allow greater increases in aortic volume when blood flows from the heart into the aorta due to sternal compressions (and therefore minimally invasive direct cardiac massage), which would lead to even greater increases in aortic diastolic pressure and ultimately coronary perfusion pressure w5x.
